The tryptophanase (tna) operon of Escherichia coli contains two major structural genes, tnaA, encoding tryptophanase, an enzyme responsible for the degradation of tryptophan (Trp), and tnaB, specifying a Trp-specific permease (6, 26) . Degradation of Trp produces indole, pyruvate, and ammonia. The pyruvate and ammonia serve as sources of carbon and nitrogen, and the indole in some bacteria serves as a volatile quorum-sensing factor and in biofilm formation (29) . In many bacterial species initiation of transcription of the tna operon is regulated by catabolite repression while transcription beyond the tna operon's leader region is regulated by Trp-mediated inhibition of Rho factor-dependent transcription termination (8) . The transcript of the tna operon leader region contains the coding region for a 24-residue leader peptide, tnaC, followed by a Rho factor-binding site and then by a Rho factor termination site (26) . In the presence of Trp, cleavage of the nascent TnaC-peptidyl-tRNA, TnaC-tRNA Pro , at its UGA stop codon is inhibited (9) . The resulting stalled translation complex blocks Rho factor's access to its binding site, preventing Rhocatalyzed transcription termination in the leader region of the operon (5, 10, 26) . Several features of TnaC-tRNA Pro required for inhibition of its cleavage have been identified. These include an essential Trp residue located at position 12 (W12), an aspartic residue located at position 16 (D16), the last amino acid in the TnaC peptide, proline 24 (P24), and the spacing between W12 and P24 of TnaC (3, 4) (Fig. 1) . Interestingly, all of these residues and their positions are conserved among diverse eubacterial species (5) . Several features of the ribosome required for Trp induction have also been identified. These include the lysine residue at position 90 of ribosomal protein L22, the 23S rRNA segment between nucleotides 749 to 752, and 23S rRNA nucleotide U2609 (4) . These ribosomal residues are located in the ribosome peptide exit tunnel, near the putative position of W12 of TnaC-tRNA Pro (4) (Fig. 1 ). Interactions between TnaC-tRNA Pro and residues in the peptide exit tunnel contribute to the creation of a free Trp binding site, possibly at the ribosome active site, known as the peptidyl transferase center (PTC). At this site, the bound Trp presumably inhibits PTC activity, thereby preventing cleavage of the nascent TnaC-tRNA Pro . Bound Trp has also been shown to inhibit the ribosomal action of some antibiotics, such as puromycin, an analog of aminoacyl-tRNA, and sparsomycin (2, 4, 8) . Several other nascent peptides have been shown to act in cis, much like TnaC, inhibiting completion of their own synthesis (1, 4, 5, 7, 15, 17, 19, 27) . With respect to TnaC-tRNA and other leader peptides, it has been suggested that interaction between features of these regulatory peptides and the peptide exit tunnel inhibits ribosomal PTC activity (1, 4, 5, 7, 15, 17, 19, 27) . However, despite this apparent common feature, it is not known if or how the activity of the PTC is inhibited by these peptides, especially by TnaC-tRNA Pro and bound Trp.
The PTC facilitates formation of peptide bonds and hydrolysis of peptidyl-tRNAs (25) . The reactions involved in peptide bond formation and peptidyl-tRNA hydrolysis are chemically somewhat similar and are believed to involve nucleophilic attack of the substrate aminoacyl-tRNA or H 2 O attack by H 2 O positioned at the A site on the P-site substrate, peptidyl-tRNA (20) . Hydrolysis of peptidyl-tRNA by H 2 O is assisted by a release factor (RF), either RF1 or RF2 in bacteria (20) . Highresolution crystal structures of ribosomes revealed that the PTC center is composed predominantly of 23S rRNA (16, 23) . The acceptor ends of A-and P-site tRNA substrates, as well as the functionally conserved GGQ sequence of RF1 and RF2 factors, are within the ribosome and are surrounded by PTC nucleotides such as C2063, A2451 and C2452, U2506, U2585, and A2602 of 23S rRNA (28, 33) (Fig. 1) . These conserved nucleotides are at the core of the PTC center and are proposed to play roles in peptide bond formation and hydrolysis of peptidyl-tRNA (21, 22, 31) .
In this study, we analyzed the effects of altering 23S rRNA nucleotides in and around the PTC on Trp induction of tna operon expression. We examined plasmids containing mutational changes at nucleotide positions 2583 to 2587, critical positions in the PTC (21) . By introducing individual plasmids with each of these changes into a strain with all 23S rRNA chromosomal genes deleted (MG1655 ⌬7) (4)-a strain containing a tnaA-lacZ reporter-we observed that changes of two nucleotides in the 2585 region, G2583 to A2583 and U2584 to C2584, reduced induction by Trp in vivo without reducing the affinity for Trp. It was also observed that these nucleotide replacements reduced the ability of Trp to inhibit puromycin action on TnaC-tRNA in vitro; however, these changes did not alter the ability of Trp to compete with sparsomycin. These findings identify specific nucleotides in the PTC that are essential for normal Trp induction of tna operon expression. The presumed positions of these nucleotides within the translating ribosome are shown in Fig. 1 .
MATERIALS AND METHODS
Bacteria strains and plasmids. The E. coli K12 strains used in this study were derived from strain SR-14, a strain lacking all chromosomal copies of rRNA operons (4) . It contained the ampicillin resistance plasmid pNK, which has a wild-type rrnB operon (17) . In this study pNK of this strain was replaced by other plasmids in which several nucleotides of the 2585 region (residues 2583 to 2587) of 23S rRNA in the PTC had been replaced previously (21) . These altered plasmids were prepared from a kanamycin resistance plasmid containing a wildtype rrnB operon, pRB102 (21) . SR-14 strains that were also examined contained the pK14-6 plasmid (a kanamycin resistance plasmid containing the wild-type rrnB operon) (S. Quan and C. L. Squires, unpublished data), pK14-6ϩA751 (rrnB operon with an insertion of an adenine at position 751 in the 23S rRNA gene) (17 and this study), and pK14-6 2609C (rrnB operon with a uridine-tocytosine replacement at position 2609 in the 23S rRNA gene) (4 and this study).
Growth conditions and ␤-galactosidase assays. In the experiments described in Fig. 2 and Table 1 , plasmid-containing strains were grown with shaking at 37°C in minimal medium plus 0.2% glycerol, 0.05% acid casein hydrolysate, and 50 g/ml kanamycin with different concentrations of the tna operon inducer, DL-1-methyl-tryptophan (DL-1MTrp). When each culture reached a density of 100 Klett units (660-nm filter), the cells were harvested and disrupted by sonication, and ␤-galactosidase activity was determined using standard procedures (4) . The relationship between the ␤-galactosidase activity and the concentration of DL1MTrp added resembled first-order enzyme kinetics (12) . Accepting this assumption, the DL-1MTrp concentrations necessary to obtain 50% ␤-galactosidase activity (K m for an enzyme) were calculated using the Eadie-Hofstee procedure (12) .
Isolation of biotinylated mRNA-ribosome complexes. S-30 extracts were prepared from the cells of 3-liter cultures (optical density at 600 nm of 0.7) of every strain shown in Fig. 3 and 4 and grown in Luria broth plus 50 g/ml kanamycin and 2% glucose. The harvested cells were resuspended in 20 ml of a solution containing 50 mM Tris-acetate (pH 8.0), 10 mM magnesium acetate, 175 mM potassium acetate, 10 mM ammonium acetate, and 2 mM dithiothreitol (DTT) and were then disrupted using a French press. The debris was separated by centrifugation at 30,000 ϫ g for 30 min, and the supernatant was distributed as small samples, frozen, and stored at Ϫ70°C (4). Biotinylated mRNAs were prepared with DNA fragments obtained by PCR using plasmid pGF25-00 containing a wild-type tnaC gene (11) . The in vitro translation reactions were performed in a reaction mixture (100 l) containing 40 mM Tris-acetate (pH 8.0), 2 mM DTT, 0.5 mM GTP, 30 mM phosphoenolpyruvate, 0.3 U/ml pyruvate kinase, 2 mM ATP, 3.5% (wt/vol) polyethylene glycol 8000, 20 g/ml folinic acid, 10 mM ammonium acetate, 175 mM potassium glutamate, 1 mM spermidine, 7.5 mM magnesium acetate, 20 g/ml tRNA (E. coli mixture), 40 g/ml mRNA, 0.37 mM of each amino acid, and 30 l of the S-30 preparation previously treated with FIG. 1. Model of the E. coli 50S ribosomal subunit containing the TnaC peptide in the peptide exit tunnel. This model is based on the ribosome structure of E. coli determined previously by Schuwirth et al. (23) . Portions of the A and P sites of the peptidyl transferase center are displayed in this figure. Also displayed is the TnaC peptide, drawn as an ␣-helical sequence of amino acids located in the peptide exit tunnel. The TnaC residues Pro24 (P24), Asp16 (D16), Iso19 (I19), and Trp12 (W12) are in green. Each is highly conserved and has been shown to be essential for tna operon induction (5) . The presumed locations of the antibiotics sparsomycin (Sps; black) (22) and puromycin (Puro; pink) (based on the ribosome structure of H. marismortui) (22) are shown in relation to the positions of the P site and A site (occupied by a puromycin molecule) in the ribosome. The positions of the ribosomal residues analyzed in this study, G2583 (pale green) and U2584 (blue), are also indicated. Some of the nucleotides involved in the peptidyl transferase reaction (red) and nucleotides affected by the sparsomycin interaction (cyan) are identified. The model was prepared using PyMOL software. (4) with various 23S rRNA mutant plasmids grown with different concentrations of DL-1MTrp. Cell cultures grown in Vogel and Bonner minimal medium supplemented with 0.2% glycerol, 0.05% acid casein hydrolysate, and various concentrations of inducer were used to perform the ␤-galactosidase assays. The DL-1MTrp concentration necessary to reach 50% ␤-galactosidase activity expression was calculated using an Eadie-Hofstee diagram (see Materials and Methods).
FIG. 2. ß-Galactosidase levels of cultures of MG1655 ⌬7 strains
the antibody anti-RF2, as described previously (4, 8) . In the experiment shown in Fig. 3, [ 35 S]methionine (20 Ci; 3,000 Ci/mmol) was used to label the TnaC; the corresponding nonlabeled amino acid was not added. To purify the biotinylated mRNA complexes using streptavidin paramagnetic beads, 0.5 ml of a suspension of streptavidin beads previously washed and resuspended in a washing buffer containing 35 mM Tris-acetate (pH 8.0), 1 mM DTT, 10 mM ammonium acetate, 175 mM potassium glutamate, and 10 mM magnesium acetate was added to the total reaction mixture. The final mixture was incubated for 10 min at room temperature to allow biotin-streptavidin interactions. The streptavidin beads with bound biotinylated mRNA-ribosome complexes were then separated by FIG. 4 . Competition assays between puromycin and Trp using different isolated TnaC-tRNA-ribosome complexes. In vitro translation reactions were performed with [ 35 S]methionine to label the TnaC peptides. The cell extracts employed were pretreated with an anti-RF2 antiserum, and biotinylated tnaC mRNAs were used in each reaction mixture. The TnaC-tRNA-ribosomemRNA complexes were isolated from the in vitro translation reactions by using streptavidin beads, and the isolated complexes were initially incubated with (ϩ) or without (Ϫ) 2 mM Trp at 37°C for 5 min. Later, the complexes were incubated with different concentrations of puromycin (Puro) at the same temperature for 10 additional minutes. The final products of the reaction were resolved, and their presence was determined by measuring radioactivity. (26) minimal agar plates supplemented with 0.2% glycerol, 0.05% ACH, 100 g/ml l-Trp, and 40 g/ml of the color-producing substrate X-Gal at 37°C for 16 h. The presence (ϩ) or absence (Ϫ) of blue in the colonies indicated whether synthesis of ␤-galactosidase by the reporter gene fusion, tnaA-lacZ, was appreciably induced by l-Trp.
b Cell growth of each strain in Vogel and Bonner (26) minimal medium supplemented with 0.2% glycerol and 0.05% ACH at 37°C was determined by measuring cell density using a Klett colorimeter equipped with a 660-nm filter, every hour. The duplication times shown were calculated using the log phase growth data obtained for each strain.
FIG. 3. Action of the antibiotic sparsomycin on different isolated
TnaC-tRNA-ribosome-mRNA complexes. Complexes isolated as indicated in the legend of Fig. 3 were prepared using the biotinylated tnaC mRNA designated for each panel. The isolated complexes were preincubated for 5 min with (ϩ) or without (Ϫ) sparsomycin (Sparso) at 37°C. They were then incubated for five additional minutes at the same temperature in the presence (ϩ) or absence (Ϫ) of Trp. Finally, the mixtures were exposed to the methylating reagent DMS to modify the A2058 and A2059 adenine nucleotides of 23S rRNA (positions indicated by horizontal lines). A sample was incubated in the absence of DMS as a methylation control. The rRNA isolated from the final mixtures was used to perform primer extension analyses. The percent methylation shown corresponds to the ratio of the cpm detected for each A2058 and A2059 band divided by the cpm for the corresponding band obtained with the control sample of ribosome-tnaC mRNA without tryptophan. wt, wild type. Pro to this antibiotic molecule. After each reaction was stopped by the addition of 10 l of a solution containing 10 mM Tris (pH 6.8), 10% sodium dodecyl sulfate, and 2 mM DTT, the components of the final reaction mixtures were resolved by electrophoresis on 10% Tricine-sodium dodecyl sulfate protein gels. The dried gels were exposed to X-ray films, and the sections of the dried gels that contained TnaC-tRNA Pro and TnaC were excised. The radioactivity (counts per minute [cpm]) in these bands was measured using a scintillation counter. The amount of [
35 S]methionine-TnaC-tRNA Pro remaining after the reaction with puromycin was determined by dividing the cpm in the band corresponding to TnaC-tRNA Pro by the combined cpm in the bands corresponding to TnaC-tRNA Pro and the TnaC peptide.
Footprinting assays. In the experiments shown in Fig. 4 , footprinting assays were performed as described previously (14) . A total of 100 l of isolated complexes resuspended in the appropriate buffer was modified by exposure to 4 l of dimethyl sulfate (DMS) (1:6 dilution in ethanol) for 10 min at room temperature. DMS-methylation reactions were stopped by the addition of 50 l of stop buffer (1 M Tris-HCl [pH 8.0], 1 M 2-mercaptoethanol, and 1 mM EDTA) to each reaction mixture. The final reaction mixtures were diluted with a 10 mM EDTA solution to reach a total volume of 500 l, and the RNA was then extracted by treatment with phenol. Modification by methylation was monitored by primer extension analyses using avian myeloblastosis virus reverse transcriptase (Gibco) and 5Ј 32 P-labeled deoxyoligonucleotide primers (4). Primer 5Ј-CTATCCTACACTCAAGGCTC-3Ј, complementary to nucleotides 2102 to 2122 of 23S rRNA, was used to detect modified nucleotides in 23S rRNA. The positions of the modified nucleotides were identified by reference to dideoxy sequencing ladders obtained using a fmol DNA Cycle Sequencing System kit (Promega). DNA from plasmid pNK that contained the 23S rRNA gene (17) and the same primers were used for primer extension analyses of rRNA genes.
RESULTS AND DISCUSSION
Identification of mutants altered in the PTC which exhibit reduced tna operon induction. Previously, we described studies with mutants bearing alterations in the 23S rRNA at nucleotides A751 to 752 and U2609 or changes of residue K90 of ribosomal protein L22, which reduced or prevented Trp-mediated induction of tna operon expression ( Fig. 1) (3, 4) . Our prior results suggested that interactions between these residues in the ribosome exit tunnel and W12 of TnaC help in creating a Trp binding site in or near the PTC (2). Once Trp is bound, the binding and action of several molecules, including RF2 and the antibiotics sparsomycin or puromycin, appeared to be affected (2) . Like RF2, sparsomycin and puromycin usually interact with nucleotides in the PTC of the 50S ribosome subunit of E. coli (Fig. 1) . In the PTC these molecules are surrounded by nucleotides believed to be involved in peptide bond synthesis and termination, including A2451, U2585, and A2602, among others ( Fig. 1) (22, 24, 28, 31) . It is conceivable that under induction conditions, the Trp residue bound within the ribosome affects the spatial distribution of nucleotides around these PTC positions.
Recently, a plasmid library was described in which there was complete randomization of nucleotides at critical regions of the PTC, i.e., in regions known to be essential for peptide bond formation (21) . We obtained and examined 12 plasmids from this library to determine if changes in the nucleotides of the conserved 2585 region (residues 2583 to 2587) of the PTC affect Trp-mediated induction of tna operon expression. The mutations located in these plasmids were the following : A2587G, A2587T, A2587C,  T2586G, T2586C, T2586A, T2584C, G2583A, G2583A T2586C,  T2586A A2587G , and T2586A A2587G (21) . The resident pNK ampicillin resistance plasmid (containing the wild-type rrnB gene) in a strain with a tnaA-lacZ reporter construct (4) that has deletions removing all seven chromosomal rrn gene genes was replaced by the kanamycin-resistant plasmids (21) . Six of these 12 plasmid constructs were able to replace the resident plasmid, yielding viable progeny (Table 1) . After successful exchanges, bacteria with the kanamycin resistance plasmids were plated on agar containing L-Trp and a blue-producing ␤-galactosidase substrate, 5-bromo-4-chloro-3-indolyl-␤-D-galactopyranoside, as previously described (4). We observed that 2 out of the 12 transformed constructs affected tnaA-lacZ reporter gene induction by Trp (Table 1 ). These two constructs contained the nucleotide changes G2583A and U2584C in the 2585 region (their positions can be seen in Fig. 1 ). Other plasmids containing mutations in the same region, such as U2586 or A2587, did not affect tnaA-lacZ gene expression induced by Trp (Table 1) . No major difference in the duplication time was observed for strains bearing plasmids with these mutations in the 2585 region (Table 1) . However, all isolates with mutations in this region grew at a slightly slower rate than the wild-type strain (Table 1) . These results indicate that some mutational changes to residues in the 2585 region do reduce Trp induction of tna operon expression in vivo without significantly affecting cell growth.
DL-1MTrp concentrations required to obtain 50% induction in strains bearing nucleotide changes in the 2585 region of the ribosomal PTC. Mutational changes of the 23S rRNA nucleotides A751 to 752 and U2609 in the peptide exit tunnel have been shown to affect Trp binding within the ribosome (3). To determine if our newly identified PTC mutations affect Trp affinity for the ribosome, we determined the DL-1MTrp concentration required in vivo to obtain 50% induction of tnaAlacZ expression (Fig. 2) . DL-1MTrp, an analog of Trp, was used as an inducer instead of Trp because the strain employed in this study (SR-14) (see Materials and Methods) contains an intact tna operon including the structural gene for tryptophanase (4). The presence of tryptophanase would reduce the Trp concentration, thereby reducing expression of the tnaA-lacZ reporter gene, as has been shown previously (30) . However, DL-1MTrp, an excellent inducer of tnaA-lacZ expression, is not cleaved by tryptophanase, and also it does not significantly affect Trp incorporation into proteins (30) . ␤-Galactosidase levels were determined during growth in the presence of different DL-1MTrp concentrations using strains containing plasmids with mutations affecting nucleotides in the 2585 region and nucleotides around the peptide exit tunnel (Materials and Methods). The ␤-galactosidase activity values (Miller units) obtained for each strain were used to prepare the plot shown in Fig. 2 . As can be seen in Fig. 2 , the presence of low concentrations of DL-1-MTrp in wild-type cultures increased production of ␤-galactosidase substantially in vivo until a plateau was reached (at 45 M DL-1MTrp), indicating maximum ␤-galactosidase production (Fig. 2) . Induction was determined for all strains with plasmids bearing mutations in the 2585 region, G2583A, U2584C, U2586C/G, and A2586C/G. Of particular interest, strains with the changes G2583A and U2584C produced much lower levels of ␤-galactosidase activity, i.e., 50% and 25%, respectively, than the levels observed in the wild-type strain (Fig. 2) . On the other hand, strains containing the adenine inserted at position 751 (ϩA751) and U2609C mutant plasmids produced even lower levels of ß-galactosidase than strains with the wild-type or other mutant plasmids (Fig. 2) . These results indicate that, unlike the ϩA751 and U2609C mutations in the peptide exit tunnel, the G2583A and U2584C mutations in the PTC affect maximum induction by DL-1MTrp but apparently not inducer (DL-1MTrp) affinity. Thus, the DL1MTrp concentration necessary to induce 50% expression in the mutant strains containing changes in the 2585 region did not appear to be significantly different from the concentration required for 50% induction in the wild-type strain (Fig. 2) . These findings indicate that ribosomal affinity for DL-1MTrp is probably not reduced when the ribosome contains either of these mutations in the PTC. By contrast, the DL-1MTrp concentration necessary for 50% induction in strains bearing the mutations ϩA751 and U2609C were approximately 10 and 5 times higher than that required for 50% induction in the wildtype strain (Fig. 2) , which agrees with previous findings indicating that these mutations in the peptide exit tunnel do affect Trp binding to the ribosome (2) . In summary, the results presented in Fig. 2 suggest that the G2583A and U2584C mutations in the PTC of the ribosome do reduce tna operon induction by DL-1MTrp but without affecting DL-1MTrp affinity.
Competition between Trp and the antibiotic sparsomycin for binding to wild-type and mutant ribosomes. In previous studies it was shown that a Trp concentration of ca. 2 mM was the most effective in inhibiting puromycin or RF2 action (2, 4) . It was also shown that 2 mM Trp could effectively compete with 1/10 or less of the concentration of sparsomycin when sparsomycin binding at its binding site in the ribosome was examined (2) . Sparsomycin is an antibiotic that also interacts with the ribosomal PTC (18) . Trp was shown to reduce sparsomycin's ability to increase DMS methylation of nucleotide A2059 of 23S rRNA of wild-type ribosomes, suggesting that Trp and sparsomycin compete with one another (2) . Thus, this type of analysis could also be used to determine if Trp binds within any mutant ribosome. Following pretreatment of wild-type and mutant ribosomal preparations with an anti-RF2 antiserum (see Materials and Methods), TnaC-tRNA Pro -ribosome-mRNA complexes were isolated using streptavidin beads. Competition assays were then performed in vitro between added sparsomycin and Trp using these isolated complexes. As observed with wildtype complexes, sparsomycin-treated complexes with the G2583A and U2584C changes were protected from methylation by Trp (Fig. 3, compare lane 4 with lanes 6 and 8) . By contrast, as observed before, Trp was unable to protect ϩA751 complexes from sparsomycin action (Fig. 3 , compare lane 4 with lane 10) (3). These findings suggest that in complexes containing the G2583A and U2584C changes, Trp can bind as efficiently as it does in complexes containing wild-type ribosomes; however, it does not bind to ribosome complexes containing the ϩA751 change (Fig. 3) .
Analysis, in vitro, of the ability of Trp to inhibit puromycin action on mutant and wild-type TnaC-tRNA Pro ribosome complexes. Trp has been observed to competitively inhibit hydrolysis of TnaC-tRNA Pro by puromycin, an analog of an aminoacyl-tRNA that interacts at the A site of the PTC (Fig. 1) (9) . In view of the results presented in Fig. 2 and 3 , it was of interest to determine if Trp would inhibit puromycin action on PTC mutant ribosomes. TnaC-tRNA Pro -ribosome-mRNA complexes obtained from anti-RF2 pretreated cell extracts were also used for this purpose. In the absence of Trp, the TnaC-tRNA Pro within the mutant complexes was efficiently transferred to puromycin as well as the TnaC-tRNA Pro within wild-type complexes (Fig. 4A to D) . These results indicate that these mutations in 23S rRNA do not affect the action of puromycin in the ribosome, even with a limiting puromycin concentration; approximately 90% of the TnaC-tRNA Pro was transferred in all complexes after the addition of 0.02 mM puromycin (Fig. 4A to D, compare the corresponding lanes 1  with 4) . In the presence of Trp the results obtained were completely different. When 2 mM Trp was present, TnaCtRNA Pro within wild-type ribosome complexes was poorly cleaved despite an increase in the concentration of puromycin (Fig. 4E, compare lane 1 with lane 4) . With mutant ribosome complexes, TnaC-tRNA Pro was more sensitive to puromycin addition ( Fig. 4F to H) . We observed that the addition of 0.02 mM puromycin cleaved 80% of the TnaC-tRNA Pro in the complexes with the ϩA751 mutant ribosomes (Fig. 4F , compare lane 1 with lane 4). However, at the same puromycin concentration, 70% and 58% of the TnaC-tRNA Pro was cleaved in U2584C and G2583A mutant ribosomes, respectively ( Fig. 4G and H , compare lane 1 with lane 4 for each). The results presented in Fig. 4J suggest that Trp protects G2583A and U2584C complexes from the action of puromycin more effectively than it protects ϩA751 complexes, but this protection is much less effective than is observed with wild-type complexes. These results are consistent with the findings obtained in vivo (Fig. 2) , where induction of expression of the reporter gene in strains with G2583A and U2584C mutant 23S rRNA plasmids was lower than in strains with wild-type 23S rRNA plasmids but greater than in strains with the ϩA751 mutant 23S rRNA plasmid. These findings suggest that Trp may bind to G2583A and U2584C mutant ribosomes but that, when bound, Trp is incapable of protecting TnaC-tRNA Pro from hydrolysis as efficiently as it does with wild-type ribosomes.
Conclusions. The findings described in this paper demonstrate that two 23S rRNA nucleotides located in the PTC, G2583 and U2584, when replaced by other nucleotides, A and C, respectively, significantly reduce Trp induction of tna operon expression in vivo (Fig. 2) . However, induction in vivo with these mutant ribosomes exhibits a response to changes in the concentration of the inducer, 1MTrp, similar to changes observed with wild-type ribosomes (Fig. 2) . This suggests that these nucleotide changes may not reduce the affinity of the ribosome for the inducing Trp analog; rather, they may alter the sensitivity and responsiveness of the PTC. Positional changes in these two nucleotides could also affect the spatial location of other nearby PTC nucleotides, such as residue U2585 (Fig. 1) , a nucleotide that is actively involved in peptide bond formation, and hydrolysis of peptidyl-tRNA induced by RF1 or RF2 (13, 22, 28, 31, 32) . Therefore, structural changes that occur in the peptide exit tunnel upon interaction of its nucleotides with amino acid residues of the TnaC-tRNA Pro molecule may normally be transmitted to nucleotides G2583 and U2584, altering their position in the ribosome and disturbing the PTC-RF2 interactions and thereby contributing to in- 
